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Abstract
We calculate the spin-dependent polarizability of the nucleon in the Skyrme model.
The result is compared with that of a heavy baryon chiral perturbation theory(HBChPT),
and is shown to be the same as that of HBChPT up to the -pole terms in the narrow
width limit of the  state and with the experimental physical constants. The eect of the
+ channel is rather small and is numerically quite similar to that of the  loop in the
HBChPT. The electric and magnetic polarizabilities are recalculated using the transverse






The electromagnetic polarizabilities are important quantities which show the response
of internal structure of nucleons to the external electromagnetic elds. These polariz-
abilities are extracted from the forward Compton scattering at threshold, and recently
attracted a great deal of attention of both experimental and theoretical interest.
The Skyrme-soliton model is a QCD motivated model based on the idea of large Nc
and of the spontaneous breaking of chiral symmetry. The electromagnetic polarizability
is considered to be sensitive to the pion cloud around the nucleon, so that the Skyrme
model may be well-suited to the study of the polarizability. In a previous paper[?] we have
calculated the electric and magnetic polarizabilities in the model using the dispersion for-
mula with the photo-absorption cross sections of the longitudinal and transversal photons
for the electric and magnetic ones, respectively. Calculations of the electric polarizability
from the seagull term were also shown to be not compatible with the gauge invariance. It
was shown that the chiral leading order terms of the electric and magnetic polarizabilities
are exactly the same as those in the chiral perturbation theory. [?, ?] Further, we have
stressed that the  states play important roles, and that the N and the  states are
treated as the same rotational levels of the Skyrme soliton.
In this paper we apply the method to the study of the spin-dependent polarizability γ
of the nucleon. The multipole analysis shows that γ is small but negative: −1:3 (−0:4)
10−4 fm4 for the proton (neutron). [?] On the other hand, the chiral leading order con-
tribution is largely positive and is about 4:6  10−4fm4. There are some studies of this
quantity in terms of the heavy baryon chiral perturbation theory(HBChPT). Bernard et
al. [?] obtained γ with the one-loop result and with including the eect of the  state.
Hemmert et al. [?] calculated γ up to O(3) with the HBChPT and the explicit degree
of freedom of the  state. In this approach the small parameter  is taken to be either
of the soft momentum, the pion mass, or the mass splitting M = M −MN between
the N and  states. These calculations show that the contribution of the  state is very
large and negative. In this meaning it is very interesting to study the spin polarizability
in the Skyrme model, since it treats the  state as the equal partner as the N state.
The forward Compton scattering amplitude of the nucleon is represented as
f1(!)   0 + if2(!)!  0  ; (1)










+ γ !2 +    : (3)
Here,  and  are the electric and magnetic polarizabilities, respectively,  the anomalous
magnetic moment of the nucleon, and γ the spin-dependent polarizability. [?, ?] The once-









where  denotes the photo-absorption cross section with the helicity .
We calculate the photo-absorption cross section in terms of the γ + N !  + N and
γ+N ! + amplitudes in the Skyrme model. We have shown [?] that the electric and
magnetic Born amplitudes satises the low-energy theorem of the pion photo-production
amplitudes at threshold except for the order (m=M)
2 term which was recently introduced











i  + 2
i  (k − q)(  q)




where k and q are the incident photon and the outgoing pion momenta, respectively, and
 is the polarization vector of the incident photon. Here, we expanded the production
amplitude as
T a = ia3b
b T (−) + a T (0) + a3 T
(+): (6)












are of O(N−1=2c ) and behave as
O(!k). Therefore, the latter amplitudes do not lead to nite results without unitarization





















In terms of the Goldberger-Treiman relation, this can be seen to be exactly the same
as that of the N-loop in ChPT, as already shown by L’vov. [?] The 1=m2 dependence
shows that this is the contribution from the pion cloud, and is of the leading order in








predict only the average between them. It is known that the prediction of the HBChPT up











. The multipole analysis [?] shows that γ is possibly negative, while the above
prediction is positive. The contribution of the  resonance is considered to reverse the
sign.
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where s =   k, and V the vector part of the nucleon magnetic moments dened by
(p − n)=2 in units of the nuclear magneton. Note that we introduced the nucleon- and
-pole terms, and that we have used the relation NV = −
3p
2
V in the Skyrme model.






reduces to O(N1=2c ) by the cancellation among the N- and


































where P1(q^; s^) = (  q^)(  s^) and P3(q^; s^) = 3(q^  s^) − (  q^)(  s^) are the P -wave
projection operators for J = 1=2 and J = 3=2, respectively, and q^ = q=q and s^ = s=k.
We obtain
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